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METHOD AND APPARATUS FOR FABRICATING OPTICAL FIBER 
USING ADJUSTMENT OF OXYGEN STOICHIOMETRY 

Background of the Invention 

1. Field of the Invention 

The invention relates to optical fiber. More particularly, the invention relates 
to fabricating optical fibers having improved transmission characteristics. 

2. Description of the Related Art 

Optical fibers typically are fabricated by heating and drawing a portion of an 
optical preform usually comprising a solid glass rod with a refractive glass core 
surrounded by a protective glass cladding having a lower refractive index than that of 
the core. The glass fiber then is coated with one or more layers of protective coating 
materials that are cured, e.g., by radiation. 

Conventionally, several processes exist for fabricating optical preforms, 
including modified chemical vapor deposition (MCVD), vapor axial deposition 
(VAD) and outside vapor deposition (OVD). In conventional VAD and OVD 
processes, layers of glass particles or "soot" are deposited on the end surface or the 
outside surface, respectively, of a starter rod. The deposited soot layers then are dried 
or dehydrated, e.g., in a chlorine or fluorine-containing atmosphere, and sintered or 
consolidated to form a solid preform core rod. 

Once the preform core rod is formed, optical fiber is drawn directly therefrom 
or, alternatively, one or more overclad layers are formed thereon prior to drawing 
optical fiber therefrom. The overclad layers are formed on the preform core rod, e.g., 
by a soot deposition technique similar to that used in forming the preform core rod. 
Alternatively, the overclad layers are formed by collapsing a silica-based tube or 
sleeve around the preform core rod. Such process typically is referred to as the Rod- 
In-Tube (RIT) process. See, e.g., US 4,820,322, which is co-owned with this 
application, and hereby is incorporated by reference herein. 

The transmission characteristics of optical fiber vary based on a number of 
factors, including, e.g., scattering such as Rayleigh scattering, fiber bending and 
absorption such as hydroxyl-ion (OH) absorption. OH absorption, or "water" 
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absorption, is of particular interest because it reduces useful bandwidth in an 
otherwise relatively low transmission loss wavelength region from 700-1600 
nanometers (nm), i.e., the wavelength region in which many current optical systems 
operate. 

OH absorption, which is due to vibrational overtones of hydroxyl-ions in the 
fiber, typically causes three loss peaks within the 700-1600 nm region: 950 nm, 1240 
nm, and 1385 nm. It has been desirable to reduce these water loss peaks, particularly 
the water loss peak centered around 1385 nm, since concentrations of OH as low as 1 
part per million (ppm) can cause losses as great as 65 dB/km at 1385 nm in single 
mode fibers. Furthermore, reduction of the water loss peak at 1385 nm effectively 
provides an uninterrupted region of relatively low transmission loss from 1200-1600 
nm. The wavelength region from 1200-1600 nm is of special interest because of the 
abundant availability of light sources such as Indium Phosphide (InP) -based sources. 
See, e.g., Chang et al. (US Patent No. 6,131,415), which is co-owned with this 
application and assigned to the assignee of this application. 

Another type of absorption loss that is sought to be reduced or eliminated is 
aging loss including the hydrogen aging loss that occurs during the lifetime of the 
fiber. Such losses are thought to occur because of the chemical reaction between 
various defects in the optical fiber and hydrogen in the optical fiber environment, e.g., 
within an optical fiber cable environment. Such defects include, e.g., germanium (Ge) 
defects and silicon (Si) defects introduced into the optical fiber during its fabrication. 

It would be desirable to have available a method for making optical fibers, 
including single mode optical fibers, that have reduced aging or hydrogen aging loss 
over the life of the fiber and optical fiber systems including such optical fibers. 

Summary of the Invention 

The invention is embodied in a method for making optical fibers that have 
reduced aging loss, hydrogen aging and other losses over the life of the fiber, and 
optical systems including such optical fibers. Embodiments of the invention provide 
improved conditions in fiber manufacturing environments to reduce the likelihood of 
generating defects in optical fiber preforms that, in optical fiber drawn therefrom, 
attract and bond with hydrogen atoms to form molecules that increase transmission 
loss in the fiber. The improved conditions include the establishment and adjustment 
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of the oxygen stoichiometry in one or more of the environments in which optical fiber 
manufacturing process steps occur. 

The method for making optical fibers according to embodiments of the 
invention includes the steps of manufacturing an optical fiber preform, drawing fiber 
from the preform, accelerating the aging of a representative portion of the drawn 
optical fiber, testing the transmission performance of the aged fiber, and adjusting the 
oxygen stoichiometry of one or more of the process step environments for subsequent 
manufacture of optical fiber. The optical fiber preform is manufactured, e.g., by 
forming a glass core rod, dehydrating the glass core rod in an oxygen/chlorine and/or 
oxygen/fluorine atmosphere, consolidating the glass core rod, and forming an overclad 
region around the glass core rod. One method for forming the overclad region is to 
deposit glass-forming soot onto the core glass rod, dehydrate the deposited soot 
particles, and consolidate the dehydrated soot particles. According to embodiments of 
the invention, the oxygen stoichiometry of the environments of one or more of the 
process steps is adjusted to reduce the aging loss of optical fiber drawn from preforms 
made according to these process steps. 

The establishment and adjustment of the oxygen stoichiometry in the selected 
environment(s) is performed, e.g., by varying the oxygen partial pressure within these 
environments. Such variance is achieved, e.g., by adjusting the oxygen flow rate into 
the selected environment(s). Also, the oxygen stoichiometry is adjusted by the 
introduction of the oxidation-reduction condition, e.g., through the use of oxygen as 
the oxidation agent and the use of carbon monoxide (CO) as the reduction agent, in 
the selected environment(s). 

Optical fiber made by methods according to embodiments of the invention 
have improved transmission characteristics. For example, optical fibers made by 
methods according to embodiments of the invention have transmission loss at 1385 
nanometers that is less than 0.33 dB/km and the hydrogen aging loss increase 
thereafter is less than 0.05 dB/km. 

Brief Description of the Drawings 

In the drawings: 

Fig. 1 is a simplified block diagram of a method for making optical fibers 
according to embodiments of the invention; 
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Fig. 2a is a graphical diagram of the transmission loss of a typical optical fiber 
at wavelengths ranging from 700-1600 nanometers (nm); 

Fig. 2b is a graphical diagram of the transmission loss of an optical fiber 
within the 700-1600 nm wavelength range according to the methods disclosed in US 
Patent No. 6,131,415; 

Fig. 3a is a graphical diagram of the transmission loss of an aged optical fiber 
within the 700-1600 nm wavelength range; 

Fig. 3b is a graphical diagram of the transmission loss of an aged optical fiber 
within the 700-1600 nm wavelength range according to the embodiments of the 
invention; 

Fig. 4a is a graphical diagram of the transmission loss of another aged optical 
fiber within the 700-1600 nm wavelength range; 

Fig. 4b is a graphical diagram of the transmission loss of another aged optical 
fiber within the 700-1600 nm wavelength range according to the embodiments of the 
invention; and 

Fig. 5 is a simplified schematic diagram of an optical system in which 
embodiments of the invention are useful. 

Detailed Description 

In the following description similar components are referred to by the same 
reference numeral to simplify the sequential aspect of the drawings or to enhance the 
understanding of the invention through the description of the drawings. 

Referring to Fig. 1, shown is a simplified block diagram of a method 10 for 
making optical fibers including single mode optical fiber according to embodiments of 
the invention. The method 10 includes a step 12 of forming the core rod portion of a 
preform from which to draw optical fiber. One typical manner in which the core rod 
is made includes the soot deposition step 14, the dehydration step 16 and the 
consolidation step 18. 

The soot deposition step 14 includes depositing layers of glass particles (or 
"soot") on a starter rod such as a silica starter rod to form a glass core rod. In vapor 
axial deposition (VAD) processes, the soot is deposited on the end surface of the 
starting rod; in outside vapor deposition (OVD) processes, the soot is deposited on the 
outer surface of the starting rod. The soot particles involve, e.g., vaporized 
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compounds such as germanium, phosphorus and fluorine for index of refraction 
doping, and silicon tetrachloride (SiCl 4 ), which reacts with oxygen to form the glass- 
making component silica (Si02>. 

The dehydration step 16 includes drying or dehydrating the deposited soot. 
5 The deposited soot body is removed from the starter rod and traversed through an 

environment containing drying gases at a temperature of approximately 1200° Celsius 
(C). Such gases include, e.g., oxygen, fluorine, fluorine-containing gases, chlorine, 
chlorine-containing gases. For purposes of discussion herein, fluorine-containing 
gases are gases that contain fluorine and are known to be used in dehydration, doping, 
10 and etching of silica. Such fluorine-containing gases include, e.g., C2F6 (Freon 1 16), 
SFe, SiF 4 , BF 3 , F 2 and other Freons (Freon 14, Freon 13 and Freon 1 15). Similarly, 
Q for purposes of discussion herein, chlorine-containing gases are gases that contain 

#5[ chlorine and are known to be used for doping and/or dehydration. Such chlorine- 

f£ containing gases include, e.g., CCI4, SiCU, SOCI2 and CI2. 

*fi 15 Because the core rod at this stage is a porous, sooty body, fluorine or chlorine 

£3 

f=l gas permeates the core rod and removes OH ions therefrom. The rate at which the OH 



L. ions are removed depends on, e.g., the dehydration temperature, the speed of the body 

CP through the dehydrating environment and the gas flow rate of the fluorine or chlorine, 

gpf OH ions in the optical fiber contribute to OH absorption or "water" absorption, which, 

20 as discussed previously herein, contributes to optical fiber transmission loss. 

The consolidation step 18 sinters or consolidates the dehydrated core rod. For 
example, the consolidation step 18 includes traversing the dehydrated core rod 
through an oxygen and helium environment at a temperature of approximately 1500° 
C. During this step, the deposited soot particles sinter into a solid, relatively dense 
25 glass core rod. Specific details regarding conventional dehydration and consolidation 
steps are found, e.g., in U.S. Patent No. 3,933,454, issued January 20, 1976. 

Once the core rod is formed, the next step 22 is to draw optical fiber. 
Although it is possible to draw optical fiber from the glass core rod, the glass core rod 
typically is overclad to form an overclad preform before optical fiber is drawn 
30 therefrom. Forming an overclad region around the core rod makes for a larger 
preform, which yields more drawn fiber per preform than smaller, non-overclad 
preforms. 
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One or more overclad regions is formed around the core rod, e.g., by an 
overclad soot deposition technique 26 or, alternatively, by a Rod-In-Tube (RIT) 
technique 28. The overclad soot deposition technique 26 is similar to the soot 
deposition steps discussed previously herein with respect to making the glass core rod. 
The overclad soot deposition technique 26 includes a step 34 of depositing glass- 
making soot particles onto the previously-formed glass core rod, a step 36 of 
dehydrating the soot particles deposited on the core rod, and a step 38 of consolidating 
the deposited glass particles onto the core rod to form an overclad core rod. 

The RIT technique 28 typically involves the collapse of a tube or sleeve, e.g., a 
silica-based tube or sleeve, around the preform core rod. More specifically, an 
overclad tube is positioned around the glass core rod and heated along the length 
thereof to cause it to collapse onto the glass core rod, thus forming the overclad 
optical fiber preform. For example, see U.S. Patent No. 4,820,322, which is co- 
owned with this application. 

The glass-making soot particles are deposited using a process such as VAD or 
OVD. The deposited soot particles typically involve glass-making compounds such as 
silicon tetrachloride (SiCLO but, unlike the soot particles used to make the core rod, do 
not usually contain additional doping materials such as germanium, phosphorus and 
fluorine. Once the overclad soot particles are deposited on the core rod, the overclad 
soot particles typically are dehydrated, e.g., in an environment containing drying gases 
such as oxygen, fluorine, fluorine-containing gases, chlorine or chlorine-containing 
gases, at a temperature of approximately 1200° Celsius (C). Dehydration is 
performed, e.g., to remove OH ions from the overclad soot body. As discussed 
hereinabove, the presence of OH ions in the various regions of the optical fiber 
preform are problematic. Consolidation occurs, e.g., in an oxygen and helium 
environment at a temperature of approximately 1500° C. Consolidation solidifies the 
deposited soot layers into an overclad region surrounding the core rod. 

Once the optical fiber preform is formed, the step 22 of drawing optical fiber 
from the preform is performed. The fiber drawing step 22 includes drawing an optical 
fiber from a heated end of the preform. For example, the preform is suspended 
vertically and moved into and through a furnace at a controlled rate. The preform 
softens as it is heated (e.g., to approximately 2000° C) and a glass fiber is drawn from 
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a molten end of the preform by a capstan of other suitable device outside of and below 
the furnace. 

As discussed previously herein, the transmission characteristics of optical fiber 
are affected by a number of factors, including hydroxyl-ion (OH) absorption ("water" 
absorption). Within the 700-1600 nm region, water absorption causes loss peaks at 
approximately 950 nanometers (nm), 1240 nm, and 1385 nm. Such loss peaks are 
shown clearly, e.g., in Fig. 2a, which shows a graphical diagram of the transmission 
loss of a typical optical fiber at wavelengths ranging from 700-1600 nm. Also, many 
efforts have been made to reduce the water absorption peaks. See, for example, U.S. 
Patent No. 6,131,415 (Chang et al.), which is co-owned with this application and 
assigned to the assignee of this application. Referring now to Fig. 2b, shown is a 
graphical diagram of the transmission loss of an optical fiber within the 700-1600 nm 
wavelength range according to the methods disclosed in US Patent No. 6,131,415. 

However, another type of absorption loss includes (hydrogen) aging loss. 
Conventional optical fibers typically experience increased transmission losses as the 
optical fiber ages. Such is due to the chemical reaction between hydrogen and various 
defects in the optical fiber during the lifetime of optical fiber. For example, chemical 
reactions between germanium (Ge) defects in the optical fiber and trace amounts of 
hydrogen present in the environment surrounding the optical fiber contribute to GeOH 
losses over the life of the optical fiber. 

Moreover, silicon (Si) defects introduced into the optical fiber during the 
manufacture of the fiber typically cause SiOH and SiH losses in the fiber, which 
similarly result from the reaction over time between the Si defects and hydrogen 
present in the fiber (or cable) environment. Unfortunately, SiOH and SiH losses often 
are greater and occur sooner over the life of the fiber than, e.g., the GeOH losses. For 
example, SiOH aging losses often are up to and even greater than approximately 0.21 
dB/km at 1385 nm. 

According to embodiments of the invention, the Si defects believed to be 
responsible for many of the SiOH losses are oxygen-rich defects (Si-O-O-Si defects). 
The Si-O-O-Si defects are believed to be caused by excess oxygen atoms in the silica 
glass, e.g., manufacturing an optical fiber preform in an environment having too much 
oxygen. Once these Si-O-O-Si defects are present in the silica glass, subsequent 
thermal operations (e.g., fiber draw) cause a number of the Si-O-O-Si defects to turn 
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into broken Si-O bond defects (Si-O * defects), which become trapped in the fiber. 
The Si-O - defects, over time, attract hydrogen atoms to form SiOH molecules, which, 
as discussed hereinabove, cause water absorption losses. 

According to embodiments of the invention, the Si defects believed to 
contribute to SiH losses are oxygen-deficient defects (Si-Si defects). The Si-Si 
defects are believed to result from manufacturing optical fiber preforms (silica glass) 
in oxygen-deficient conditions. Subsequent thermal operations cause broken Si bond 
defects (Si • defects) to be formed from some of the Si-Si bond defects. The Si • 
defects become trapped in the fiber and, as the fiber ages, the Si • defects react with 
hydrogen atoms to form SiH molecules, which cause an absorption loss peak at 1530 
nm. 

According to embodiments of the invention, aging losses and other losses are 
reduced by providing improved oxygen stoichiometry in fiber manufacturing 
environments to reduce the likelihood of generating oxygen-rich or oxygen-deficient 
Si defects in optical fiber preforms and optical fibers drawn therefrom that, over time, 
attract and bond with hydrogen atoms to form molecules that contribute to increased 
water absorption or other losses. The oxygen conditions are established, e.g., through 
adjustment of the oxygen stoichiometry, at one or more steps during the optical fiber 
manufacturing process. For example, improved oxygen conditions are provided in the 
environment in which the core rod is formed and/or in the environment in which the 
overclad material is formed on the core rod and/or in the environment in which optical 
fiber is drawn from the preform. 

For example, the oxygen partial pressure is established in one or more of the 
aforementioned environments by, e.g., adjustment of the oxygen flow rate into the 
selected environment(s), to improve the oxygen conditions. Alternatively, the 
introduction of gases such as carbon monoxide (CO) is used to adjust the reduction 
conditions in the selected environment(s). 

The oxygen stoichiometry in one or more of these environments is adjusted, 
e.g., based on the effects of the previous state of the environment on reducing the 
defects that contribute to aging loss and other losses in the optical fiber produced in 
such environments. The effects of oxygen stoichiometry adjustment on the fiber 
produced are measured, e.g., by the transmission losses of at least a representative 
portion of the optical fiber produced in the oxygen-adjusted environment. Depending 
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on the resulting measurements of the optical fiber, subsequent oxygen stoichiometry 
adjustments are made. In this manner, adjustment occurs until the oxygen conditions 
of the various fiber-producing environments are established as desired. 

Referring again to Fig. 1, embodiments of the invention include the step 42 of 
5 adjusting the oxygen stoichiometry of the desired environment. As shown, the oxygen 
stoichiometry is adjusted for the environment in which one or more steps 12 of the 
core rod formation occurs, the environment in which the overclad region formation 
occurs, and/or the environment in which fiber drawing step 22 occurs. For example, 
in the step 12 of manufacturing the core rod, the oxygen stoichiometry is adjusted for 
10 the environment in which the soot depositing step 14 occurs, and/or the environment 
in which the dehydration step 16 occurs, and/or the environment in which the 
p consolidation step 18 occurs. Typically, the oxygen stoichiometry is adjusted for the 

J*jf environment in which the dehydration step 16 occurs. However, it is understood that 

y5 embodiments of the invention include adjusting the oxygen stoichiometry of the 

*g 15 environments in which any of the core rod formation process steps occur. 
^ Also, as shown, the adjusting step 42 adjusts the oxygen stoichiometry in the 

^ environment in which the overclad soot depositing step 34 occurs, and/or the 

Qri environment in which the overclad (deposited soot) dehydration step 36 occurs, and/or 

g£t the environment in which the overclad consolidation step 38 occurs. Typically, the 

tar * 

p 20 adjusting step 42 adjusts the oxygen stoichiometry of the environment in which the 
overclad dehydration step 36 occurs. However, it is understood that embodiments of 
the invention include adjusting the oxygen stoichiometry of the environments in 
which any of the overclad region formation process steps occur. 

Also, as shown, the adjusting step 42 adjusts the oxygen stoichiometry of the 

25 environment in which the drawing step 22 is performed. That is, according to 
embodiments of the invention, adjusting step 42 includes adjusting the oxygen 
stoichiometry, e.g., within the draw furnace or during the step 22 of drawing optical 
fiber from the preform. It should be understood that embodiments of the invention 
include adjusting the oxygen stoichiometry of any environment in which the fiber 

30 drawing step 22 occurs. According to embodiments of the invention, adjusting the 
oxygen stoichiometry reduces the probability of broken bonds from oxygen-rich or 
oxygen-deficient defects, e.g., as discussed hereinabove. Furthermore, the probability 
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of broken bonds are further reduced by an annealing or other thermal processing step 
43. 

Referring again to Fig. 1 , according to embodiments of the invention, the 
oxygen stoichiometry within one or more environment is established, e.g., through 
adjustment, based on the aging loss of at least a representative portion of the optical 
fiber produced within a previously-established oxygen environment. For example, 
once the optical fiber is drawn from the preform (step 22), an accelerated aging step 
44 ages at least a representative portion of the drawn optical fiber. For example, the 
aging step 44 exposes the portion of drawn optical fiber to an environment having 
approximately 1% hydrogen, at room temperature, for approximately 4 to 6 days. 

Once the portion of optical fiber has been aged, a measuring step 46 measures 
or otherwise determines the transmission loss of the aged fiber. For example, the 
measuring step 46 determines the transmission loss of the optical fiber within the 700- 
1600 nm region. The transmission loss of the representative portion of the fiber 
provides an indication as to how the fiber will perform as it ages. Depending on the 
results, the oxygen stoichiometry of one or more environments discussed hereinabove 
is adjusted as needed. For example, if the oxygen content in the environment is to be 
increased, the oxygen flow rate into the environment is increased; if the oxygen 
content is to be reduced, the oxygen flow rate is reduced. Also, e.g., if the oxygen 
content is to be reduced, reducing gases such as CO are or can be introduced into the 
selected environment. 

After any oxygen-stoichiometry adjustments are made, the fiber-making 
process steps are performed, e.g., as discussed hereinabove, to manufacture 
subsequent core rods and overclad regions. The optical fiber manufactured by the 
processing steps take into account the oxygen-stoichiometry adjustment(s) that were 
made previously. Then, at least another representative portion of the resulting optical 
fiber is tested, e.g., by prematurely aging the fiber portion and measuring the 
transmission loss thereof. Based on the transmission loss results, the oxygen 
stoichiometry of one or more processing environments is adjusted. According to 
embodiments of the invention, the iterative process just described continues as desired 
to improve the transmission performance of the manufactured optical fiber. For 
example, according to embodiments of the invention, optical fiber has been 



10 



Chang 2-8-23 



manufactured that exhibits transmission loss (at 1385 nm) that is less than 0.33 dB/km 
and the hydrogen aging loss increase thereafter is less than 0.05 dB/km. 

Figs 3a-b illustrate graphically the results of embodiments of the invention. 
Fig. 3a depicts the transmission loss of a hydrogen-aged fiber that previously was 
made by a manufacturing process without any oxygen stoichiometry adjustments. Fig. 
3b graphically illustrates the transmission loss of a hydrogen-aged fiber that 
previously was made by a manufacturing process after an oxygen adjustment was 
made to the adjusting step 16. 

Prior to adjustment, the dehydrating step 16 for the core rod formation 
included traversing the soot body at 8 millimeters per minute (mm/min.) through a 
dehydrating environment of helium, oxygen and chlorine at a temperature of 1530° C. 
The flow rate for helium was 10 standard liters per minute (slm), the flow rate for 
oxygen was 8 slm, and the flow rate for chlorine was 0.7 slm. 

The remaining preform manufacturing steps were performed, e.g., as discussed 
hereinabove. Fiber drawn from the preform was tested before and after hydrogen 
aging. The hydrogen aging involved subjecting the fiber to a 1% hydrogen 
environment at room temperature for 4 to 6 days. The hydrogen-aged fiber had 
experienced an increased loss of 0.06 dB/km at 1385 nm. See, e.g., Fig. 3a. 

Then, in accordance with embodiments of the invention, the oxygen flow rate 
during the dehydrating step 16 was adjusted, e.g., to 4 slm. The remaining preform 
manufacturing steps were kept the same. Fiber drawn from the preform made by the 
adjusted process was hydrogen aged in the same manner (i.e., 1% hydrogen 
environment at room temperature for 4 to 6 days). However, fiber drawn from the 
preform made by the adjusted process experienced a transmission loss at 1385 nm of 
only 0.04 dB/km. See, e.g., Fig. 3b. 

In another example, Fig. 4a shows the transmission loss of a hydrogen-aged 
fiber made by a manufacturing process that did not have oxygen stoichiometry 
adjustments. Fig. 4b shows the transmission loss of a hydrogen-aged fiber made by a 
manufacturing process in which at least one oxygen stoichiometry adjustment was 
made. More specifically, at least one oxygen adjustment was made to the core 
consolidation step 18. 

Prior to adjustment, the consolidation step 18 included traversing the 
dehydrated soot body at 8 mm/min. through a consolidating environment of helium 
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and oxygen at a temperature of 1530° C. The flow rate for helium was 10 slm, and 
the flow rate for oxygen was 2 slm. The consolidated preform core rod was formed 
into a preform, e.g., in a manner as discussed hereinabove. The difference in 
transmission loss of fiber drawn from the preform before and after hydrogen aging 
was approximately 1.0 dB/km at 1385 nm. See, e.g., Fig. 4a. 

However, in accordance with embodiments of the invention, the oxygen flow 
rate during the core rod consolidation step 18 was adjusted, e.g., to 0 slm. The 
remaining preform manufacturing steps were kept the same. Fiber drawn from the 
preform made by the adjusted process was hydrogen aged in the same manner. 
However, when tested, the difference in transmission loss of fiber drawn from the 
preform made by the adjusted process before and after hydrogen aging was only 0.04 
dB/km at 1385 nm. See, e.g., Fig. 4b. 

Thus, Figs. 3a-b and Figs. 4a-b demonstrate the improvement in transmission 
characteristics of hydrogen-aged optical fibers drawn from preforms manufactured by 
processes in which the oxygen stoichiometry has been adjusted. As discussed 
hereinabove, the oxygen stoichiometry adjustments occur at one or more steps in the 
process, and are based on transmission loss results of fibers drawn from preforms 
manufactured by previously adjusted or unadjusted process steps. 

Referring now to Fig. 5, shown is a simplified schematic diagram of an optical 
system 50 in which embodiments of the invention are useful. The optical 
communications system 50 includes one or more optical sources 52 coupled, e.g., in a 
conventional manner, to one or more optical fibers 54. The optical fibers 54 are 
coupled to one or more optical detectors or receivers 56, e.g., in a conventional 
manner. The optical sources 52 and the optical receivers 56 operably connect to the 
optical fibers 54 directly (see, e.g., source 52 a and receiver 56 a ), or through a 
multiplexer 58 (on the source side of the system) or a demultiplexer 59 (on the 
receiver side of the system). 

One or more of the optical fibers 54 are manufactured in accordance with 
embodiments of the invention, e.g., as discussed hereinabove. That is, at least one of 
the optical fibers 54 are made in one or more process environments in which the 
oxygen stoichiometry was established, e.g., through adjustment, to reduce defects that 
contribute to aging loss and other losses. The optical fiber 54 manufactured according 
to embodiments of the invention typically has transmission losses less than 0.33 
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dB/km at 1385 nm, and the hydrogen aging loss increase thereafter is less than 0.05 
dB/km. 

It will be apparent to those skilled in the art that many changes and 
substitutions can be made to the embodiments of the optical fiber and optical fiber 
fabrication methods herein described without departing from the spirit and scope of 
the invention as defined by the appended claims and their full scope of equivalents. 
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